We applied comparative genomic hybridization (CGH) to 46 breast carcinoma samples, collected from 1993 to 1995, in order to detect chromosome 1q gains and 16q losses and to define whether samples showing both these alterations had distinct biopathologic features and different clinical outcome. A total of 22 samples (48%) had simultaneous chromosome 1q gain and 16q loss, which was always associated with other genetic changes. In total, 23 samples had various chromosome imbalances (including chromosome 1q gain independent of chromosome 16q loss and vice versa) and one sample did not show detectable alterations. Samples having chromosome 1q gain/16q loss were compared to the other samples with regard to neoplasm size, lymph-node status, histologic and nuclear grade, estrogen and progesterone receptor presence, Ki-67, pRB, Cyclin D1, Cyclin A, p53, p21 and p27 expression as detected by immunohistochemistry. The samples showing chromosome 1q gain/16q loss had high steroid hormone receptor expression (P ¼ 0.02), low cell growth fraction (Ki-67, P ¼ 0.03) and high p27 expression (Po0.001). No statistical correlation with disease-free survival and overall survival or response to hormonal therapy was found. We conclude that simultaneous chromosome 1q gain/16q loss is a frequent event in invasive breast cancer, which occurs in a subset of both intermediateand high-grade breast carcinomas. Although the final chromosome 1q and 16q imbalances might have originated from different chromosome alterations in low-and high-grade samples, the gene-dosage effect might be important in conferring peculiar biopathologic characteristics to this subset of samples. The cytogenetic and molecular mechanisms underlying these chromosome changes deserve further investigations.
Chromosome 1q gains and 16q losses have often been described to be simultaneously present in breast carcinoma samples by karyotype analysis 1, 2 and comparative genomic hybridization (CGH) studies. 3, 4 Gains of the long arm of chromosome 1 and losses of chromosome 16q are often the result of unbalanced translocations between these two chromosomes: 1, 6 less frequently, they are the result of other rearrangements. 2, 5 Chromosome 1q gains and 16q losses are considered as early changes since they have been detected as the sole chromosome abnormalities in near-diploid breast carcinoma 1, 6 and in well-differentiated samples with a few alterations. 3, 7 These genetic changes and the resulting chromosome imbalances have been thought to play a pathogenic role in breast carcinoma development. As simultaneous chromosome 1q gains and 16q losses have often been detected, we hypothesized that they might be related with particular biopathologic characteristics.
In the present study, we intended to define the biopathologic profile of samples having both chromosome 1q gain/16q loss. To this aim, we applied CGH since it is one of the most suitable techniques to reveal chromosome imbalances in solid neoplasm by a single experiment using a small quantity of DNA. We investigated 46 breast carcinoma samples, collected between 1993 and 1995, with 8-10 years follow-up. Samples showing simultaneous chromosome 1q gain/16q loss were compared to the other specimens with regard to biopathologic characteristics and clinical outcome.
Materials and methods

Samples
Tumor samples were obtained from 46 women (age range 28-83 years) undergoing surgery for primary breast carcinoma at the S. Orsola University Hospital of Bologna, Italy, from 1993 to 1995. Only consecutive cases that had a frozen tissue block were selected for this study.
In total, 12 patients underwent conservative breast surgery followed by radiation therapy and 34 underwent radical mastectomy. None of the patients received preoperative chemo-or hormonal chemotherapy. Adjuvant systemic chemotherapy (cisplatinum, methotrexate, 5-fluorouracil) was given to 14 patients. In all, 32 patients, presenting steroid receptor positive status, received adjuvant hormonal therapy (tamoxifen, 20 mg daily).
A part of each neoplastic tissue fragment was immediately frozen and stored at À801C for subsequent DNA extraction. Another part of each sample was fixed in buffered 4% formaldehyde and embedded in paraffin. Sections of 4 mm thickness were cut and stained by hematoxylin and eosin for routine histopathologic classification according to WHO. 8 In total, 42 samples were invasive ductal carcinoma, three were invasive lobular carcinoma, and one was a mucinous carcinoma. Histologic grading was carried out according to Elston and Ellis 9 and nuclear grading (NG) as follows: mild (NG1), moderate (NG2) and high nuclear atypia (NG3). In all, 44 patients were followed for 19-99 months (median ¼ 84 months).
DNA Extraction and Labeling
DNA was extracted from 46 frozen breast carcinoma tissue fragments and human normal female liver tissue using the Qiamp Tissue Kit (Qiagen, GmbH, Hilden, Germany) according to the instructions of the supplier. In order to reduce the quantity of falsenegative results, samples showing a percentage of neoplastic cells fewer than 50% were not used for DNA extraction and CGH analysis. 10, 11 The percentage of neoplastic vs stromal and inflammatory cells was defined by one pathologist (DS), scoring the control hematoxylin-eosin-stained sections of each sample.
Measures of 1 mg of normal DNA and 1 mg of tumor DNA were labeled by nick translation (Gibco BRL, Gaithersburg, MD, USA). Normal DNA was always labeled by digoxigenin-11-dUTP (Roche, Basel, Switzerland) and tumor DNA by biotin-16-dUTP (Roche, Basel, Switzerland). DNA fragment size was checked by 1% agarose gel electrophoresis and ethidium bromide staining and DNAse I concentration was adjusted in order to obtain an optimal average fragment size (500-1500 bp). Normal and tumor-labeled DNA were precipitated with 40 ml Cot-1 DNA (1 mg/ml) (Roche, Basel, Switzerland) and dissolved in 6 ml hybridization mixture (50% formamide, 10% dextran sulfate, 2 Â SSC (300 mM sodium chloride plus 30 mM sodium citrate)).
CGH
Metaphase preparations from normal peripheral blood lymphocytes were obtained according to standard conventional cytogenetic techniques and used for CGH. Metaphase chromosomes were denatured in 70% formamide 2 Â SSC, pH 7, at 801C for 3 min, washed in 70, 90 and 100% ethanol and air dried. The DNA probes were denatured at 801C for 10 min and applied onto the slides, which were coverslipped, sealed by rubber cement, put in a moist chamber and let to hybridize at 371C for 72 h. Washings were performed at room temperature (2 Â SSC, 5 min for two times) and at 451C (0.1 Â SSC, 5 min for three times). Blocking step was performed using 0.5% blocking reagent (Roche, Basel, Switzerland) dissolved into 1 Â TN (100mM Tris-Hcl pH 7.5, 150mM Nacl) for 10 min at 371C and followed by immunocytochemical detection. Digoxigenin was detected by a sheep anti-digoxigenintetramethylrhodamine-isothiocyanate (TRITC)-conjugated antibody (1:50 in TNB) (Roche, Basel, Switzerland) and biotin by a avidin-fluoresceinisothiocyanate (FITC)-conjugate (1:200) (Vector, Burlingame, CA, USA). The antibodies were incubated at 371C for 1 h. The slides were washed in TNT at room temperature (5 min for three times), dehydrated in ethanol, air dried and mounted with antifade containing DAPI (0.35 mg/ml).
CGH images were recorded by a Leica DMRA fluorescence microscope and analyzed by the Cytovision CGH software package 3.5 (Applied Imaging, Sunderland, UK). In total, 9-12 metaphases were analyzed for each sample and the average green-tored intensity ratio profiles were calculated and plotted with 95% confidence interval (CI).
11 Any relatively small, distinct locus showing a green-tored fluorescence ratio greater than 1.5 was regarded as high-level amplification. Chromosomes 19, 1p32-ter and 16p-were excluded from the analysis since it has been demonstrated that the green-to-red fluorescence ratio in these regions cannot be reliably measured. 10 
Immunohistochemistry
In order to define steroid hormone receptor status and cell proliferation in our samples, the following Serial sections from neutral buffered formaldehyde-fixed, paraffin-embedded tissue blocks were collected on 3-aminopropyltriethoxysilane (Sigma Co., St Louis, MO, USA) coated slides, dried overnight at 371C, and processed for immunohistochemistry according to a streptavidin-biotin-peroxidase preformed complex (SABC) technique. Microwave pretreatment was performed with a citrate buffer solution (pH 6.0) for anti-ER, anti-PR, anti-Ki-67, anti-cyclin A, anti-p53, and anti-p27 antibodies, or with EDTA buffer solution (pH 8.0) for anti-pRB and anti-cyclin D1 antibodies.
Image Cytometry
Nuclear immunostaining of ER, PR, cyclin D1, cyclin A, p21, p27, p53, pRB, and Ki-67, was quantified by image cytometry with Cytometrica software (C & V, Bologna, Italy), as previously detailed. 12 A labeling index was obtained for all the biologic parameters evaluated by image cytometry and expressed as the percentage of the labeled nuclear area over the total neoplastic nuclear area (percentage Labeling Index area, %LIa). All the above-mentioned parameters were categorized using the following cutoff values: ER and PR %LIa o10% ¼ negative, Z10% positive; cyclin D1 %LIa o5% ¼ negative, Z5% ¼ positive; CycA %LIa o20% ¼ negative, Z20% ¼ positive; p21 %LIa o10% ¼ negative; Z10% ¼ positive; p27 %LIa o50% ¼ negative, Z50% ¼ positive; p53 %LIa o 4% ¼ negative (1), Z4% and o30% ¼ intermediate (2) , Z30% ¼ positive (3); pRB loss of expression was recorded as previously detailed 13 and reported using two categories: 0 ¼ loss of function, 1 ¼ functional pRB protein; Ki-67 %LIa o20% ¼ low proliferation (1) and Z20% ¼ high proliferation (2) .
Statistics
To assess differences between the two groups of samples with respect to biopathologic parameters, w 2 -test has been applied. Correlation between 1q gains and biopathologic parameters were investigated by w 2 -test as well as correlation between chromosome 16q losses and all the investigated variables. Disease-free survival (DFS) and overall survival (OS) were evaluated by Kaplan-Meier curves and logrank test. P-values below 0.05 were regarded as significant.
Results
Genomic Alterations as Detected by CGH
Genomic alterations were found in 45 out of 46 samples. DNA copy number gains were more frequent than losses, as summarized in Figure 1 . The most frequent minimal common regions (mcr) gained were: 1q23-q32 (78%), 8q21-qter (74%), 5q14-23 (35%), 5p13-pter (33%), 3q11-q21 (33%), 4q11-31 (30%), 12p11-p12 (30%), 12q14-q21 (30%), Xq11-qter (30%). Mcr lost were found at 17p12-pter (74%), 16q12-qter (59%), 8p21-pter (33%), 11q21-qter (28%) and 17q11-qter (28%).
A total number of 47 high-level amplification events was detected in 15 samples, involving chromosome 1q23-32, 2p24-25, 3q25-q26, 4q26-32, 5p14, 5q15-q22, 6q11-22, 7p21-22, 8p11.2, 8q23-q24, 9p22-p24 11p14, 11q13, 12p11.2-12, 12q15-21, 13q22, 14q12-q21, 14q24-q31, 15q26, 16p12, 17q22-23, 18p11.2-11.3, 20p11.2, 20q12-q13.1, and Xq21-26.
Relationship Between Chromosome 1q Gain, 16q Loss, Biopathologic Variables and Clinical Outcome
Chromosome 1q gain/16q loss was found in 22 out of 46 samples (48%) and was never detected as the sole genetic change. Out of 22 samples having chromosome 1q gain/16q loss, 12 also showed chromosome 12q gain (P ¼ 0.002): no other chromosomal imbalance was found to be associated with.
As simultaneous chromosome 1q gain/16q loss has been reported to occur in intermediately and well-differentiated samples, we evaluated the incidence of these alterations in our set of samples stratified by grade. Only one sample was classified as G1 and did not show either chromosome 1q gain or chromosome 16q loss. G2 and G3 samples showed chromosome 1q gain/16q loss in 56 and 40% samples, respectively.
Chromosome 1q gains and 16q losses affected large chromosome regions (Table 1 ). All but one sample lost a large part or the whole long arm of chromosome 16. Chromosome 1q gains only involved a part of the long arm in six cases: the common region of overlap included chromosome 1q31 band.
We divided samples showing both chromosome 1q gain/16q loss from the other samples (24 samples: 15 showing 1q gain but not 16q loss, five samples Chromosome 1q/16q imbalances in breast carcinoma F Farabegoli et al showing 16q loss but not 1q gain and four samples having neither 1q gain nor 16q loss) and compared the two groups with respect to several biopathologic parameters. As shown in Table 2 , we found a positive correlation with steroid hormone receptor presence (P ¼ 0.02), low cell growth fraction as evaluated by Ki-67 expression (P ¼ 0.03), and high p27 expression (Po0.001).
In univariate analysis, chromosome 1q gain was correlated with p27 (P ¼ 0.002) and cyclin D1 (P ¼ 0.01) expression. Chromosome 16q loss was associated with p27 (P ¼ 0.01) expression. On their own, none of these events were correlated with both ER and PgR presence and Ki-67 immunostaining.
We did not find any correlation between the presence of chromosome 1q gain/16q loss and survival. Figures 2a and b show the Kaplan-Meier curve for DFS and OS, respectively. Out of 21 patients, eight relapsed in the group of samples having chromosome 1q gain/16q loss and six out of 23 in the group having other chromosome imbalances (logrank Mantel-Cox test, P ¼ 0.771). Six patients died of disease in the group showing chromosome 1q gain/16q loss and seven in the group with other chromosome imbalances (logrank Mantel-Cox test, P ¼ 0.916). Finally, we investigated DFS and OS in the 32 patients who had steroid 
Discussion
In the present study, we applied CGH technique to 46 breast carcinoma samples in order to detect simultaneous chromosome 1q gain/16q loss and we compared the biopathologic characteristics of samples showing these alterations with respect to other samples. As chromosome 1q gain/16q loss have often been found together, we speculated that this association might be synergistic. This hypothesis was supported by the association we found between chromosome 1q gain/16q loss and steroid hormone receptor presence, low cell growth fraction, and high p27 expression. In univariate analysis, only the correlation with p27 expression was present. p27 is a cell cycle-related protein, the expression of which is indicative of low proliferation and good prognosis. p27 is a direct inhibitor of cyclin-dependent kinase 2 (cdk2), one of the cdk's responsible for the activation of E2F1 transcription factors that promote DNA replication. 14, 15 Altogether, these data suggest a functional link between genes located on chromosome 1q and 16q (dysregulated or lost), steroid hormone sensitivity and low proliferation rate.
In contrast, chromosome 1q gain/16q loss does not seem to be important either for survival or for response to tamoxifen treatment, although breast carcinoma patients having ERs and PRs represent a clinically well-defined group of patients who are Chromosome 1q/16q imbalances in breast carcinoma F Farabegoli et al expected to have a better prognosis. The present results are too preliminary to enable us to find an explanation: they only support the hypothesis that the simultaneous presence of both alterations is important to acquire these biopathologic characteristics. A larger number of patients, selected on the basis of the therapeutic treatment received, ought to be investigated to draw definitive conclusions about the impact of chromosome 1q gain/16q loss presence on prognosis. We speculated that chromosome 1q gain/16q loss might be an event pathogenically important, as it could induce a gene-dosage effect and a consequent gene dysregulation. 6 In fact, DNA copy number alterations are associated with a corresponding change in mRNA levels and, finally, in cell function. 16 A large part of chromosome 1q and 16q DNA was gained and lost as a consequence of these different genetic changes. According to cytogenetic studies, these chromosome imbalances are thought to occur as a consequence of breakage and recombination of alfa and beta satellite DNA located at chromosome regions 1q12, 16cen and 16q11.2.
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These repetitive DNA sequences are prone to anomalous recombination and fusion because of a high homology degree. As they are not transcribed, it is rather difficult to speculate about specific genes affected by these chromosome changes. Indeed, we suggest that the gene-dosage effect might have a pathogenic role in conferring these biopathologic characteristics.
In several studies, chromosome 1q and 16q imbalances have been investigated separately: chromosome 1q gains have been found at any stage, [18] [19] [20] whereas chromosome 16q losses have been mostly detected in low and intermediately differentiated carcinoma 3, 4 or in invasive lobular carcinoma. 21 Altogether, these data supported the hypothesis that low/intermediate-and high-grade breast carcinoma develop according to distinct pathways: chromosome 16q loss was proposed as a marker of a distinct genetic pathway in breast carcinoma development. 3, 7 In the present study, all but one samples were classified as G2 or G3 and only three samples were invasive lobular carcinoma. The percentage of samples showing chromosome 1q gain/16q loss was lower in G3 with respect to G2 samples. The present data support the hypothesis that in G2 and G3 samples, chromosome 1q gain/16q loss originated, at least in part, by distinct chromosome changes. They might have developed according to different pathways: unbalanced translocation between chromosome 1 and 16 in G1/G2 samples vs other chromosome changes in G3 samples. Molecular studies, able to define better the chromosome changes occurring in different samples, might be important to further clarify this point. We conclude that chromosome 1q gain/16q loss is a frequent event in both low-and high-grade breast carcinoma samples. Although the final chromosome imbalance might have originated from different chromosome alterations in low-and high-grade samples, the resulting gene-dosage effect might be important in conferring peculiar biopathologic characteristic to this subset of samples. Chromosome 1q/16q imbalances in breast carcinoma F Farabegoli et al
